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INTRODUCTION

My interest in the blood sedimentation rate
dates back to the ward rounds of my Junior year.
At this time I noted the diversity of opinion among

staff members as to the mechanism and importance of
an accelerated rate.

Some Doctors will refuse to

allow dismissal from the hospital in view of a
rapid rate, whereas others will pay but little
attention to, it if there are no apparent clinical
_ signs or symptoms of disease.
By the very nature of this subject, many figures have had to be included to allow a better
understanding of the test, even though perhaps
leading to the disinterest of the reader.

For

example, including the actual number of tests
considered by the investigator allows a better
evaluation of his conclusions.
An

attempt has been made to include only the

.

work o~ those authors who have done a sufficient
amount of work to justify their conclusions.

This

topic seems to be a "conclusion magnet" of the
literature, so many conclusions have been made from

such a meager amount of work or so small a number
of tests.
I have used the term normal in rate in this
paper as meani ng a rate wit,hin the commonly accepted normal by the various techni ques in order to
avoid needless repetition of qualifying the term.

THE MECHANISM AND CLINICAL SIGNIFICANCE OF THE
ERYTHROCYTE SEDIMENTATION RATE

CHAPTER I

HISTORY
According to Hippocrates and Galen(37), heal~ depended on normal mixture of four fluids which for~ the
vasular contents:

yellow bile, chol~ra - the serum which

separated from the blood clot; the black bile -

~elan-

cholia, seemingly collecting as a dark colored substance
in the lowermost portion of the clot --blood in the restricted sense of the word; sanguis , the upper bright
red part of the clot in contact with the air ( the black
bile and the "blood" thus corresponding to the erythrocytes) and mucus or phlegma answering to what we now call
fibrin.

It was then t..'i-iought that increase in any one or

accumulation of phlegma was thought to house disease.
The downfall of the antique "Four Fluid Theory" in
modern times did not, a.s a matter of fact, diminish the
importance of the fibrinous layer.

In the seventeenth,

eighteenth, nineteenth centuries, this formation was
lmown under various names, such as crusta inflammatoris,
phlogistica, pleuritica -- cunne du seng - buffy coat faserstoffbaut, and Speckhaut.
The theoretical argument for venesection - the
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supreme method of therapy for thousand of years, was
founded on the conception that by emptying vessels the
organism could be relieved more or less from the materia
morbificans, i.e. the substance of the buffy coat.

Since

acceleration of the sedimentation rate takes place in
pregnancy, they had a buffy coat and were victims of blood
letting to a formidable degree, a procedure still used at
the beginning of ~he last century.
As the concept of humeral etiology of disease was
supplanted by the cellular pathology of Virchow, the
changes in the blood were related to the background, and
after a few decades, the existence of the crusta inflammatoria was forgotten--a fact to which discontinuence of
vanesection naturally contributed.
John Hunter (75) described pathological blood in a
very interesting manner:

"In all inflammatory disposi -

tions in the solids , whether inverse or local, _the blood
has an increased disposition to separate into component
parts, the red globules become less uniformly diffused,
and their attraction to one another becomes stronger, so
that the blood when out of ' the vessels soon becomes cloudy
or muddy and dusky in its colour, and when spread over any
surface it appears mottled, the red blood attracting
itself and forming s:t:,ots of red.

11

Nasse (108) stated in his book of 1836, that the
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buf'fy coat owes its origin to the increased sinking velocity of the erythrocytes ~d that this phenomenon must
have something to do with the peculiar clustering tendency of the cells.
The parallelism between sedimentation velocicy and
the degree of clustering was somewhat later pointed out
by Jones(79) who said that in order to know if a patient•s
blood has a huffy tendency, or not, it is sufficient to
take a drop of blood from the finger tip, press it between
two pieces of glass and observe whether or not it has a
dotted appearance.

Just as there are differencesin

degrees to which the huffy coat develop, corresponding degrees may be distinguished by distinctiveness with which
these dots make their appearance.
The first quantitative analysis of blood was 100 years
ago and concerned fibrin.

Scudamore(l44) and the leading

French hematologists Andral aid Gavarret( 2) found that
this constituent was several times increased in the so ...
called

11

sizy blood", but for various reasons this fact

wasn't associated with increased aggregation of erythrocytes.
It was known in 1846 that an increased fibrin content accelerated the sedim:!ntation rate and that cells
settle more slowly in defibrinated than in whole blood
where fibrin is still in. the serum. ( 37)
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This was later

,,_..

verified by the great German physiologist Johannes Muller
who, examining the causes of the buffy coat, attributed
to the quantity of fibrin a determinative influence on
the development of this phenomenon.
At this period this subject in hematology was discontinued and the results completely forgotten.(37)
Biernacki(l3), without the knowledge of older literature, in the nineties published essays on red cell sedimentation which he ascribed to secretion of the plasma
by the cells.

Re adopted the peculiar conception that

the greater part of the plasma was squeezed out from the
corpuscles in the dying blood, a process which took place
with various degrees of speed in different cases.

His

observations however were never accepted.
Increased aggregation of erythrocytes in fresh blood
specimens in more severe inflammatory conditions was
recognized by the French hematologists Hayem(65) and
v

Bezancon( 11) in particular, at the beginning of this
century.
After a lapse of 100 years, Fabraeus(37) again noted
the blood sedimentation phenomenon.

He believed that

disease of the body gave no other effects in such a conspicuous manner as the increased sinking velocity of red
blood cells.

In many cases he noted such a striking in-

crease in velocity to the extent that the cells in the

'-"
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upper layer have time to sediment before plasma coagulates.

As a consequence the upper part of the clot is a

more or less thick fibrinous layer which doesn't form in
healthy patients in which red cells settle slowly. This
appearance of a fibrinous lay-er was interpreted not
merely as a symptom of disease; it was considered that
the substance of which it was made was the injurious
matter which when aggregated in the vascular system,
represented the true cause of the disease.

"-""
-

....c=.

-

~

CP..APTER II
THE MECP...ANISM OF ERYTHROCYTE SEDI1~NTATION
ROULF.Ali1X F'QEMATION
Fahraeus(2?) :found a peculiar characteristic aggregation of erythrocytes in which they unite with their
flat sides joined to each other, namely, rouleaux formation.

In healthy persons there are not many cells joined

together end the rouleaux are evenly distributed.

In

pregnancy and many diseases each rouleaux :has more red
cells and are more closely united.

The greatest differ-

ence is that in the latter the rouleaux themselves are
clustered to a very high degree.

The rouleaux of path-

ological blood do not fall apart nearly as readily as in
normal blood.

In pathological blood they are strained

and stretched like rubber tubes before they break. Also
the reformation of rouleaux after disaggregating is more
rapid in pathological blood.

He noted that the more the

rouleaux formation, the greater was the sedimentation
rate.

He believed this increase is determined by a change

in the surface layer of the cells, but as in other suspensions, the properties of the surface layer of the particles and consequently the stability of the suspension
is mainly dependent on the properties of the fluid medium.
Experiments show the plasma to be the major factor in this
aggregation.
-_,i·
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Cutler(23) is of the opinion that the plasma controls the rate and not the size, number, or shape of the
cells, and which is in the end dependent upon the degree
of rouleaux formation.

That it is the size of the aggre-

gate aoo. not the number of unengaged cells that is responsible for an increased rate, fits in more or less
with Stoke's law of hydronamics which is concerned with
spherical particles held in suspension in a fluid of Jess
specific gravity than the particle itself.

Accordirg to

this law the settling rate is proportional to the difference between the specific gravi -cy- of the particle and that
of the fluid, inversely proportional to the viscisity of
the fluid, and directJ.y proportional to the square of the
radius of the suspended particles.
Differences between specific gravity of the red cells
and the plasma are without significance.
viscosity have an important bearing.
size of the particle in suspension.

Nor does blood

Important is the
The size in this in-

stance is the size of the aggregate; the greater the aggregate, the more rapid rate.

The establishment of this

fact explains such an apparent paradox as an increased
rate and the increased viscosity when ti~e reverse would
be expected to hold true and slow sedimentation with
anemia.

The single red cell has so little mass and the

resistance it must overcome is so considerable that it
~
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slows the sediroontation rate.

But if the aggregates form

they become sufficiently great that they more easily overcome the plasma viscosity and settle.

This explains the

little increase in sedimentation found in the presence of
marked anemia, pro\ided there is no associated pathologic
condition which in itself will accelerate the rate.
Morrison(l05) states that the sedimentation rate is
a measurement of the degree of rouleaux forn~tion and vice
versa.

Rouleaux formation may be a defense mechanism.

He agrees that it is a property of plas1na and the cells
play a passive role.

The fibrinogen, globulin, albumin,

anc cholesterol play a role, but do not answer the rouleaux mechanism •
Wintrobe(l70) summarizes the factors he believes essential in the sedimentation process.

The normal blood has a

certain dovmwcr d force(DF) which is equal to the retarding
effect of the medium and the limit in tube length(RF).

In

anemia (RF less than DF) there is less retardation from
the limit in extent of the medium.

If there is increased

rouleaux formation RF is less than DF because RF depends
upon the relative surface.

Settling occurs because red

cell density becomes greater than the medium of the density.
The fall of the red cells causes an upward displacement
of the medium, thus producing an upward current and a retarding force.

In normal blood the cell concentration is

.._,.
-
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relatively great and a relatively large volume of plasma
must be displaced upward if there is much of a sedimentation rate.

Actually the rise and fall are about equal.

The Ja rger the volume of the particle, the less the relative surface.

The upward or retarding force is a func-

tion of the "area exposed 1:D the medium."

The downward

force depends on particle weight while increase in size
accelerates the rate, they have a slight effect.

In cer-

tain conditions, however, aggregation of cells is greatly
affected, probably due 1:D an alteration in their surface
charges.

Rouleaux formation is greatly

increased and

this produces larger aggregates of large volume but less
relative surface area, and hence an accelerated rate.
Haden( 62) and Goldberger( 51) contribute the san1e importance to the rouleaux formation.
Ponder(l23) conducted a series of experiments at
Edinburgh University on rouleaux formation.

The first

condition for rouleaux formati. on and one which is fulfilled unler all but unique circumstances, is that there
shall be collision among cells.

The frequency of colli-

sions depends on such factors as the rrovement of fluid,
number of cells per unit volume, viscosity, and cell size.
The second condition is that collisions shall result in
permanent cohesions.

Such cohesions will not occur if

the cell surfaces are not sticky, if the repulsive forces
'-"
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between cells are not great, or if the celJs collide
with one another or the surfaces which come in contact
are small.

If on the other hand, the collisions bring

large surfaces into conta.ct, permanent cohesions are
likely to occur, for not only are there large surfaces
over which the cohesive forces between the cell can act,
but separation of these surfaces entails a considerable
amount of work.

The consideration of these points in-

dicate ~ny cells collect in rouleaux, and not in aggregates of roughly spherical form, for all contacts except those which occur at the ends of the shorter rouleaux are not permanent, whereas all contacts in which
the cells are broadside on result are lasting cohesions.
To

this must be added the fact that discoid cells moved

by a :fluid are not themselves broadside on, and therefore cohesions in this position are encouraged•
From the mass of work on potential difference between
red cells and the suspending fluid, it apJ:Ears that, if
the potential difference (PD) be reduced below a certain
point, agglutination of the cells occurs, all contacts
being permanent, in whatever position they occur.

From

this may be drawn the deduction that the repulsive forces
accompanying this potential difference (PD) are sufficient to prevent the permanence of all contacts except
those which involve a large extent of surface in connec-

._.,
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tion with w~ijich ccnsi(:fn·able surfc:ce a1:c1 cohesive f'o:r·ces
are called into play.

Before this e:xf,lanatiun is r-e-

garc:ed as t>e correct one howeve:r, it r.::.ust be shown til:, t,
those electrolytes anC other· SLcbstar,ces whicll reduce ~c:,::::_;,

do not also increase in cell surf'r:.ce stic,dness.

~"he

cases of calcium chloride anc: magnesium chloride which

decrease PD anc: yet do not cause ag, lutination, and the
instcnc e of heateo plas!iiH which increases rouleaux formation wi tJ1out c~ecreasing PD, show hov, necessary it is
to take account of this latter possibili t.y.

As rega1 cs

then to the kinetics of rouleaux formation, we have
fc.und that a simple equati n containing one e[,sily

elevaluatec constant, is sufficient to describe the c0u:rse
of the pheno~11enon under st:ch conditions are extre.1ely
suitable for
('"":' f" T°' ~
..J'v-., ,!"1,.

c~
:.;

fY1·•--•7;\"!"'' '-:-

J.

·'-

•.1.

experimental purposes.
A,,~"I"'',

~

..-,~-

r--c·tf'r;~
;~ t,_, T i"T'!\/'
,#,J; ...
.L~

;;..i,J __ .J

1-~.J..

'>li\'er r.u1d Earnard (11~_~) corn1ucted experiments concerr;ed with electrical charges of rec cells in fluid
SLlSpensions.

'l'be desree of the electrical charge of

the cells was Cete:rrr:ined by cat.apboresis.

'l'he negative

charge of the cells suspended in an isotonic soluti(m

of non-electrolyte, sucb as sucrose, is temporary, falling in the cour.se of a few minutes to a point so low
that i t cr:m be no longer determinec easily,

·:•i th

tLis

fall in PD of the cells occurs ag-g}utination, or af:Lre~
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gation, and the suspension becorre s unstable.

This im-

permanency of the negative charge is in striking contrast to the permanency of the negative charge of the
collodian particles when they are suspended in water,
for there is no change in the P. D. of these particles
and the electrolyte-free suspension is correspondingly
stable for long ~eriods.

This difference presumably

depends on difference in the mechanism of the production
of the charge in the two cases.

The essential fact

seems to be that a critical potential exists for the
agglutination of red cell suspensions and that the value
of this potential varies with the condition in the suspension.

Their conclusions were that two types of stab-

ilicy are observed in a suspension of cells and t~at the
charge of the cells and suspension is unstable below a
certain critical P. D. In strong concentrations of electrolyte, the stability bears no relationship to the
charge.

Also agglutination is more rapid at the iso-

electric point •
Reyner(126) noted that formaldehyde would elevate
the surface tension five dynes even in concentrations
of 1:250.

Solutions stronger ti.~an this would decrease

the sedimentation rate and weaker solutions would increase the rate.

In view of the possibility that changes

other than an altered surface tension might result from

.._,
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the addition of formaldehyde, a surface tension reducent,
sodium oleate, was utilized and a si:nilar series of sedimentation tests were mixed with blood.

They assumed "tt~at

the changes by sodium oleate were physical in nature.
The sedimentation rate decreases by only minute amounts
of this reducent, so markedly in fact, that after two
hours, when the control showed a marked decrease in rate
of ten, the sodium oleate showed none whatsoever.

The

alteration was due to decrease in surface ter.sion.

Ob-

viously then forw~ldehyde increases surface tension and
sodium oleate decreases the same.

Since sodium oleate

decreases the rate in normal as well as in pulmonary
tuberculosis patients, this suggests tbat t~e sedimentation rate rise in infection can be explained on the basis
of increased surface tension.
Stephens(150) believes the aggregation and electrophoretic character of red cells are compatible with the
view that the cell membrane plasma interface is occupied
by a lyosphere of ions and water molecules,

and that the

thickness of this zone rather than the electrokinetic
potential is predominant in controlling aggregation.

At

certain concentration ranges of potassium or sodium
chloride, increase of electrokinetic potential was accompanied by increased adhesion.

Lyosphere thickness elec-

trokinetic potentials could either or both increase
~
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simultaneously or vary in opposite directions with
alteration in the salt concentration.

Dehydrating

agents as alcohol or tannins increase the adhesions just
as dehydration of cell surfaces by globulin, fibrinogen,
gel, etc. promote tJ1eir aggregation.

The results indi-

cated that their surface investment is a structure of
ions and water molecules.

Similar relationships in the

case of red cells \\OUld enable the occurrence of low
electrophoretic speed with low aggregation tendency to
be accounted for.

Vogt(l62) noted a similar sedimenta-

tion rate alteration due to electrolytes.
Haden and Orr(62)

believe that red cells remain sus-

pended over a long period since the cells carry a negative
charge and thus repel each other.

The maintenence of the

electrical charge is the principle stabilizing factor.
Under abnormal conditions the cells may lose the charge,
agglutinate, and precipitate rapidly.

They made artifi-

cial obstructions at the cardiac end of the stomach on
twenty dogs and found no parallelism between the sedimentation rate rise and the chloride or the non protein
nitrogen level.

In obstruction at other levels they

likewise found the rate to not parallel blood chemistry
changes.

The rise was affected much earlier than the

blood chemistry.

They conclude that the rate rise is

due to a physic-chemical change of the blood.
'~
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Morrison(105) noted no rate change by placing blood
in an electro-magnetic field.
Clark(l9), in his work with plasma surface tension
noted a higher plasma surface tension in patients with
a high rate.

The time drop was little influenced by

surface tension, however, with a rapid drop the surface
tension was slightly lower than with a slower time drop.
He found no constant correlation between the rate of
cells and the time drop of the plasma.

The most marked

drop of surface tension was found in kidney disease with
lipemia.
CHOLESTEROL
Penner, Knowlton, and Kelly(ll7) found no relation

to exist between cholesterol level and the sedimentation
rate.

Kurton(92) added cholesterol to the blood and the

rate rose, and with further addition of lecithin it
•

dropped again.

Solomon(l48) followed fifty-nine patients

with sedimentation rates and cholesterol levels.

In

grave tuberculosis where cholesterol is low, the rate was
high; in normal patients with elevated cholesterol the
rate was normal; and in pregnant patients with or without tuberculosis, the rate was elevated.

This suggested

to him that t.~e increased rate is not connected with

the blood cholesterol level.

._.,

Rosenthal and Blowstein

(124) found an elevated rate only when the cholesterol
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level was greater than 300mg%.
FOREIGN PROTEIN
Hirsh(?O) believes the sedimentation rate elevation is due to foreign bodies in the circulation.

In

pregnancy it is the protein of fetal cat&bolism; in infection it is tl1e protein of the bacteria, and in malignancy or coronary occlusion it is the protein of necrotic tissue.

In predicting the rate of 395 patients, he

predicted a normal rate in 283 patients and was wrong in
only eleven instances.
METEOROLOGIC EFFECT
Hoverson and Peterson(71) found daily variations in
ra.te amountir..g up to 100%.

They report a correlation

between daily variation of the rate and meteorologic
changes.

They ran fifteen tests per day on each of

twelve patients between January 28 and March, 1934.

ELOOD SUGAR
Yardumian(l73) observed a slight decrease in rate
if the blood sugar ran over 200 mg%.

Lichtman(93) saw

the same rate decline in normal patients during the inject.ion of glucose, but the slowing effect of glucose
was not noted if fever or leucocytosis accompanied the
abnormal speed during the period of glucose injection.

.._,
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MISCELLANEOUS
Yardumian(173) likewise observed an accelerated rate
with a high lipid level a.nd a low rate with a low lipid
level in the blood.
rate averaging 2%.

He noted a post cibal increase in
There was no correlation between Car-

bon dioxide combining power, Basal metabolic rate, Non

The

Protein Nitrogen, calcium, or phosphorous levels.
same was noted for plasma cell chloride levels.

The

white cell in itself has no effect on the rate, other
than the fact that usually a leucocytosis will exist in
the patients which exhibit the accelerated rate.

Rourke

and Plass(135) found no difference between arterial and

venous blood sedimentation rate and no rise after food
ingestion.

They found short, violent exercise to have

an insignificant and variable effect on the rate.
They believe the increased rate due to the rise in fibrinogen is compensated by the retarding effect of the
rise in cell volume.

Burke and Weir(17) report no

correlation between the sedimentation rate and the
white cell count.
Vogt(l62) found the rate to be lowest in a newborn, .5mm/hr. average, as compared to the adult 3-lSmm/
hr. average, by the Cutler method.

Walton(l64) re-

ports the same as being true and even in infants with
icterus neonatorum or in marasmus.

·....- 17 -

Hurwitz(76} ran

.._,
simultaneous Albumin-Globulin ratios, red cell counts,
platlet counts, cell volumes, and sedimentation rates
on 23~ cases in children.

The lowest rate was at birth

which rose rapidly during the first ten neonatal days-but even yet far below adult rates.

The significant

fact~r he found was that the cell volume parallels the
sedimentation rate.

Obermer(lll) and many others have

noted the same low rate in the newborn.
PROTEIN
Monaghan and White(lOl) notec in increased rate
after the addition of fibrinogen, gelatin, gum acacia,
and casein.

Serum globulin is much less effective than

fibrinogen and albumin, almost without effect.

Sinking

velocity is proportional to the degree of aggregation of
the cells as determined microscopically.

The aggregation

by fibrinogen or gelatin is a rouleaux formation and not,
as in specific agglutination, a sticking at the first
point of contact.

Horse cells have a faster rate than

beef, though horse plasma has no more fibrinogen than
. beef plasma.
In their experiments to answer the question of protein absorption coat on the cells, they divided it in two
groups.

One was based on a comparison of the isoelectric

point of the cells in protein on the electrophoretic

'-"

motility of the cells.

Results are interpreted as indi-

.
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eating that red cell surfaces are hydrated.

The iso-

electric point of normal cells cannot be measured,·but
certainly is lower than that of any plasma protein.
Normal cells do not absorb protein even from concentrated
solution, as is evidenced by the finding that the ratio
of the mortality of the cell to that of the proteins themselves is at least as high in concentrated casein, albumin, gel, or fibrinogen solutions as in dilute.
The finding that the observed mobility of red cells
is unchanged or only slightly diminished when bulk
viscosity is increased by added protein is interpreted as
indicating that the cell surfaces are hydrated.

The

aggregating effect of certain proteins has been determined
and is assumed to be due to their dehydrating effect on
the cells.

Some types of cells, as beef, are not aggre-

gated, presumably because they are resistant to this dehydrating effect.

The difference in the behavior of

different types of red cells demonstrates the i~portance
of the nature of the cell as well as the medium in determining the rate of aggregation and therefore of sedimentation.
Morrison(105) fou."'ld that if normal or pathological
blood is defibrinated, or if washed cells are placed in
serum rather than in plasma, the blood will show very
little rouleaux fo!"!!lation and hence a slow sedimentation
'-"
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rate.

This fibrinogen then seems to be a major factor

in blood sedimentation.

But with heated serum or de-

fibrinated plasma, normal or pathological, at 60C. for
thirty minutes and add washed red cells, there is increased rouleaux and increased sedimentation rate.

So

this questions the fibrinogen as being the only factor.
Wintrobe(25) also believes the role of fibrinogen is not
completely understood.
Gilligan and Ernstene(48) ran 190 simultaneous
measurements of fibrinogen and sedimentation rates in
normal and pathological blood.

Results indicate that

fibrinogen plays a major role in sedimentation, except
in liver damage, where the rate rise is disproportionate
to the rise in plasma fibrinogen.

They offer no explan-

ation for this.
Jones(80) often observed that protein can be precipitated from the serum of the diseased with a smaller
amount of the precipitating agent than is possible with
the serum of a normal person.

He attempted to determine

whether the rate velocity and precipitability of serum
protein, as determined by the addition of aluminum sulfate, could be correlated with the quantitative relation
of the various plasma proteins.

He concluded that in the

presence of disease, increased precipitability of serum
protein may or may not bear a relation to the quantitative
'w'
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distribution of plasma protein.

He found an increase

in fibrinogen or a decline in Albumin-Globulin ratio
in morbid conditions.

He also did not see a fluctua-

tion in plasma proteins that occurs in erythrocyte sedimentation in the normal patient.
Penner, Knowlton, and Kelly(ll?) believe no lawful
relationship exists between fibrin and the sedimentation
rate, except that a high rate does not occur in the presence of low fibrin.

Yardumian(l72) found essentially

the same as being true •
Munro(lO?) after closely following 54 patients, concluded that the etiology of the increased rate lies on
an insecure foundation of experimental evidence.

He

believes that the rate has no connection with fibrinogen,
globulin, or albumin of the plasma.
Plass and Rourke(l18) found a rise in plasma protein, due to dehydration, after prolonged venous stasis.
He suggests that the lymph fluid rises in protein content by diffusion of protein from the cytoplasm of the
tissues which it surrounds,

and that this lymph fluid,

having become higher in protein than normal plasma,
subse½uently loses protein to the plasma, thereby increasing the total plasma proteins.

This marked rise

in fibrin points to a reserve fibrin in the tissue
which increases the rate.

.._,
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They also(1~5) found that

'-"

after prolonged chloroform anesthesia the liver produces less fibrinogen and the sedimentation rate declines.

Also in cases of liver necrosis, the plasma

fibrinogen was diminished

and the rate rose.

these be dependent and parallel changes?

Could

The Albumin-

Globulin changes seemed to be very small.
Obermer(lll) reports an accelerated rate after subcutaneous or intra-muscular injections of vaccines, peptone, or casein, or other foreign proteins, colloidal
metals, or autohemotherapy.
Bieler(12) has a hypothesis of his own concerning
the

mechanism of blood sedimentation.

He believes

there are two factors in the blood serum-- A and B.

A

is related to the serum-- albumin and contains phosphorous.

Its colloidal molecule is of relatively large size

and carries oxygen in loose combination so it is unstable.
An

A is manufactured or controlled by the adrenals.

excess of A would stimulate the sympathetic nervous

system.

Its electricity is positive.

The B factor is

related to the globulin of the blood serum and has
iodine.

Its colloidal molecule is of relative small

size and its chemical composition is stable.

It is con-

trolled or manufactured by the thyroid, probably as an
iodoglobulin.

Excess Bin the blood will stimulate the

parasympathetics.

Its electricity is negative.

'-'
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He then believes that this hy~othesis proves the

'-"

rate not directly affected by infection or parasitism,
per

be,

but only as infection or parasitism would have

!11

i
!j
11

II
\i
1'1:

a tendency to cause hypoacrenalism.

In pre6inancy, due

I'
,I

to the rapid n:etabolism in the fetus, factor A would be
shifted to the placental circulation.

In pulmonary

tuberculosis hypoadrenalism and hY1=,erthyroid manifestations are often present.

Phosphates are lost via the

sputum fibrin and in the urine, hence the rate drop.
He concludes that the hyperthyroidism and hypoadrenalism
effect the colloidal chemistry of the serum and hence
alter the sedimentation rate.

He believes that body re-

sistance and proper choice of dietary protein is the big

~
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factor in heal th and that during recuperation, no matter
what the previous disease, body tissue repair depencs
chiefly on the amount and kind of protein in the diet.
Nungster(llO) found a specific polysacchariae from
the type III pneumococcus which would accelerate the
rate.

He also found a similar carbohydxate substance

from a mucoid variety of B. coli which also accelerates
the rate.

When this S:[:,ecific type III polysaccharide

was added to the homologous antiserum and the mixture
added, no acceleration was observed.

This suggests

this specific substance as accounting for the increased
rate in pneumonia.

'-'
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Cohen, Faraci, and Pollak(22) found a rapid sedimentation rate in inflammatory effusions with a high
protein content and a decreased rate if a

non-inflam-

matorJ effusion with a low protein content.
Broom(16) a statistician, reviewed much data concerning the rate and plasma proteiJ.

He found a partial

coefficient of correlations in some cases and none in
others.

The variations were very wide.

M"'EMIA

Vogt(l62) supplies a detailed description of the
three sta£es in erythrocyte sedimentation.
Aggregation is an agglutination of small groups of
cells into rouleaux.

This occurs within

the first few

minutes and may depend on such factors as autoagglutination, chemical changes, and electrophysical principles.
Sedimentation is the sta6 e observed and recorded.
In this phase the difference between health and disease
is noted.
The third and final stage is that of packing of the
erythrocytes.
Rourke and Plass(125) in a series of blood dilution
experiments, decreased the number of particles in a suspension, thus the mean free path of such particles
becomes greater, and consequently the rate at which the
'-"'
- 24 -

I:
I'

l;

1:

!I

'-""

particles settle is increased.

The sedimentation rate

is roughly inversely proportional to the cell volume,
provided other factors are unchanged.
Hesser(68) made a serological study of the erythrocytes especially in relation to agglutination.

He showed

that the agglutination and rouleaux formation occurs best
at high red cell concentrations.
cells to plasrrs was 1:5, in

If this proportion of

a normal, the rate

was

moderate, al though in a rapidly sedimenting blood it was
more marked.

If the blood was further diluted, the amount

of agglutination decreased until at 1:40 in a normal
patient and at 1: 80 in a diseased fatient, all agglutination disappeared.

Thus in the condition of anemia, where

the proportion of plasma to red cells is increased., the
degree of rouleaux formation is considered decreased.
This he observed with a

magnifying lens.

a high concentration, there is

In tub€s with

a sharp line of demarca-

tion between the upper level of the falling of the cells
and the supernatant plasma.

In the 2,,000,000 tube and

the tubes of blood of lower concentration the larger
heavier masses of cell agglomerates fall quickly,
leaving on their wake a reddish haze, the upper level
of which is indistinct.

This renders an accurate reading

of the sedimentation height impossible.

The red haze

consists of slowly falling red cells in clusters which
'~
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diminish in size to the upper extremity of the cloud,
where cells are falling simply in twos or threes.
Walton(165) ran sedimentation rates on three hundred patients and arranged five tubes for each patient
containing a descencing concentration of cells from 1
to s,000,000 cells

per cubic millimeter.

The rate in-

creased in prop?rtion to the increc.sed dilution.

If the

count was four million and then concentrated to five
million, the rate rose accordingly.

In tubes of b.igh

dilution the fall is much faster, a. rate being obtained
which isn't quite proportional to the extent of the
dilution, but rather in excess of this ratio.

He found

almost constantly that whether the blood from a normal
or ciseased patient, the rate in the one million tube
was 27. 5mm.

Morever in the two and three million tubes

the difference between the rate in normal and abnormal
patients was so small as compared with the wide margin
in the five million tube that the latter tube was used
throughout as ttie standard

of comparison.

.Anemia there-

fore renders the rate valueless unless corrected, for
when a count of one

million cells is reached, maximum

sedimentation with some packing of cells had always
occurred at the end of one hour, and before this interval of time the upper level of red cells is too hazy for
an accurate reading to be

._,,
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made.
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Rubin(l40) found an artificial decrease in cell
volume to increase the rate, and an increase in cell
volu:ne brought the rate back to normal.

The hemoglobin

paralleled the rate to the same extent as did the red
cells for the most part.
Hubbard and Geiger(72) in their dilution experiments found the rate increased

in anemia but suggest the

rate rise resides only in the plasma.

There was no con-

stant quantitative relation between the percentage of
changes

produced in

tation rate.

cell concentration and the sedimen-

Small red cell count changeo may affect the

rate much, but rather than

a fixed correction method,

best to keep red cell count in mind considering the rate.
Agner(20) also advocates

no anemia correction.

Gregg( 56) points out tha-: it is important to
realize that Wintrobe( 16£) and Wal ton( 164) in their dilution experiments

were usi:ig suspensions of

in normal plasma, not true anemic blood.

normal cell~

In his experi-

mental anemia from rabbit hemorrhages the uniformity was
good.

He observed a sharp rise in acute anemias, but

only a slight rise in chronic anemias.

In recovery from

chronic anemias, a gradual rise in the rate of suspensions
of cells in plasma took place, which lagged behind the
rise in cell count.
Sugarman ( 154) found

..,,

•
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no effect on the seo.imenta-

.,,__.,

tion rate when the hemoglobin was as low as 26% and the
rec cell count to three million.

In cases of hy:pochromic

anemia, the hemoglobin had no influence on the rate, and
the same existed with regard to rE,d cell count-- as long
a.s i t is between three and five million.

In instances

of pernicious anemia, the rate rises during a relapse
and tends to be normal with a remission.
Smith(146) performed 105 periodic tests on sixteen
children with a nutritional anemia.
normal rates.

Some patients had

In eleven uncomplicated cases the rate

dropped with iron therapy.

Smaller doses of ferrous

than ferric were needed to bring the rate to normal.
In general the children who recovered from the anemia
had a rate slower than normal.

Since some patients with

this type o~ anemia had normal rates, he concludes that
there are probably inherent factors in this condition
which counteract the tendency for the rapid rate obtained
with diluted normal blood and which are also noted in
pathological conditions associated with anemia.
Fahraeus(27) believes also that the dilution experiments exaggerate the effect of anemia on the sedimentation rate.

He believes that in the absence of some

other pathology, there is

a compensatory mechanism

present which tends to keep the rate relatively constant
in

moderate anemias •

.,,__.,
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Cutler, ?ark, and Herr(25) believe it is the

l

li,

.l
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obvious reflection of the packing phase and in the sedimentation index.

Vlhen sedimentation is high and com-

I

!

f

'
Ii

plete in one hour that has led to efforts to correct for
aneIT~as.

The proponents for this correction point out,

and rightly so, that whenever cell volume is normal, the
sedimentation index, that is, the total drop at the end
of one hour expressed in millimeters, is less than when
anemia is present.

The decreased rate after correction

would in their opinion represent blood sedimentation with
the anemia factor eliminated.
supposition is apparent.

The false premise of this

Volume percentage and blood

sedimentation, as previously explained, are two different
things and for all practical purposes have little in
common.

The confusion results from using a single arbi-

trary reading as a

TIE

asurement of sedimentation velocity

at a time ·when the sedimentation phenomenon is well advanced.

He believes it is impossible to devise a formula

for anemia correction based on keefing constant the percentage of cell volume or cell count to plasma volume
before instituting sedimentation readings because the
factors responsible for red cell aggregation and hence
the increased sedimentation which resides in plasma, are
very potent and their concentration, specific for dif-

ferent plasmas.

Furthermore when the proportion of

'-'
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plasma is artificially increased by removal of cells,
the activating factor-s in the plasma responsible for
rouleaux formation have a greater op1,,ortuni ty to drive
the remaining cells into rouleaux.

That the increased

rate is not the result of simple reduction in red cell
number can be further established by suspending the same
cells and the same number of cells in physiological salt
solution where there is no tendency to rouleaux formation.
Sedimentation becomes very slow even though anemia is
very marked.
Obermer(lll) has performed 20,000 sedimentation
tests since 1£:25 and comes to the opinion that no correction need be

made unless the cell count is less than

four million or greai:.,er than five and a half million.
Above or below these levels the reading should be multiplied by the factor of the red blood cell count in
millions.
Diggs and Bibb( 22) followed twenty-three patients
with sickle cell anemia and found the rate normal in
most cases.

They believe any acceleration is due to an

associated infection.

Goldberger(51) is of the same

general opinion •
Wintrob( 169) believes that when there is ane1nia
there is less plasma that need be replaced, and hence

._.,,

the increased sedimentation rate.
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CHAPTER III

METHODS AND TECHNI~UE
There have been almost as many modifications of the
several most common methods as there have been investigators of this test, each one having a differ·ent idea as
to the type of anti-coagulant, tube size, and method of
recorcing.
The Linzenmeyer method(41) rec;uires that a record
be kept of the time reouir~c for the upper level of sedimented cells to fall to a given distance.

A tube is

used which is 44mm. in height, 5mrr.. in diameter, and to
which is added .2cc. of 5% sodium citrate and.Bee. of
blood.

The record ie kept of the time required for the

erythrocytes to sediment 18mm. ( 47).

Tovmsend( 138) ran

six hundred tests using this method anc found it too
incon'\enient, since it must be co:c.stantly watched and may
necessitate someone to remain near the laboratory for
many hours •
The Westergren(41) method requires a record of the
distance fall ir: a specified period., and readings being
taken every hour.

Townsenc(l:38) and Gallagher(44) be-

lieve this method more simple than the Linzenmeyer( 41)
or the Cutler( 147), but belie'Ve you get better results
with the latter.

In using the Cutler( 147) method, a graph is con-

._..
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structed from the distance which the sedimenting cells
fall per unit time during an hour.

Hence the three

phases of sedimentation are well cemonstrated.

'I'he tube

is 11.2 mm. in diameter, a.nd 55 mm. in heieht, to which
is 2ddec .5cc. of 2% sodium citrate and 4.5cc. of blood.
The graph used by Cutler(42) has horizontal lines representing tube divisions, and vertical lines representing
time intervals.
The Lando'\,.;.· microsedimentation method is one of the
most convenient, re~uiring only 1/20 cc. of blood, and
several necessary steps are combine

a.

Drawing and mixing

of the blood, plus the anti-co8.c,culant, and sedimentation
of the erythrocytes is cone in one uninterrupted procedure

anc

in one pipette.

aspirator, and rack.

All that is rec;.uired is a pipette,
The capillary pipette is 12.5 cm. in

length with a capillary bore 1 mm. in diameter and expanded in to a bulb or mixing chamber ::.· centimeters from
the upper end.

Markine;s are etched at 12. 5 mm and 62. 5 mm.

from the lower tip, providing for a colunm of blood 50 mm.
in length and 1 mm. in ~1dth.
graduated in millimeters.

The intervening space is

The aspirator consists of a

metal pipe anc ~:i th rubber tube attached which may be
slipped over the pipette, and turning the cap of this apparatus will drs.w blood into the pi:;,ette.

The rack has a

rubber-cushioned floor which has a hidden spring device

'-"
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_,,under it which permits depression of the base and holds
the pipette vertically and hermetically sealed.

With

very little exI,erience, the time from puncture of the
finger to beginning sedimentation in the tube will be
about thirty seconds.

Rogatz(6) ran tests on one hundred

pa ti en ts, using the Landou and Smith-Cutler methods simultaneously, end found. corres.vonding rate in all except
four cases.

The normal is in the neighborhood of 8-12rmn.

per hour •
There constitute the most comoonly employed methods.
The others are usually one of thebe methods as modified
by the particular individual.
There is much li teratur·e clu"t-tered up discussing the
accepted normals for the various methods.

But on the

whole, the figure which constitutes a moderate or a
marked rate is well agreed upon.
After using; the ·we.stergren method, Pinner, Knowlton,
and Kelly(ll?) found 3mm. per hour to be the average in
males, and 7 borderline; 7 average and 11 borderline in
females.

Benson and Rogers(l7) report l-3mm. per hour

in males and 4-?mm. per· hour in females as being normal.
They ran tests on 227 patients in whom infection had been

ruled out.

Agnor(20) reports 16-20 as borderline, 21-30

slightly eleva.ted, and greater than 20mm. per hour as
definitely elevated.
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Cutler(l47) in using his method reports the normal
range to be 2-8 in males, and 2-lOmm. per hour in females.
Pinner, Knowlton, and Kelly(ll7) believe that any rate
up to 22mm. per hour is normal, irregardless of sex.
MISCELLA1"\"SOUS FACTDRS INFLUEt.TCING T~IB SEDIMEliTATIJN RATE

Grei sheimer, ;'.'arick, anc Wal ton( 58) found the rates
averaging twice as fast for females as in males.
i!lintrobe(l6£') believes inclination of the tube accounts
for the most com'D.on error in running sedimentation tests.
Yardumian( 173) finds a tube inclination from the horizontal
to accelerate the rate 50% or more.

Vogt(l62) and Morrison

(105) report essentially the sa.'Ile results.

Wintrobe(170)

believes that inclination of the tube makes the retarding
force less than the displacing force since flasma streams
along the upper side of the tube from which red cells
settled out and the latter encounter less hindrance from
medium cisplacement.
Montgomery(l02) believes that the occurrence of clots
in the tube is the most common source of error.
sizes careful use of the anticoagulant.

He empha-

He is of the

opinion that many clots are recognizable only by emptying
blood on blotting paper, if no clots, it will appear as
an evenly stained blot-- being uniformly absorbed.
Yardumian(l73) reports a 5% increase in rate using

"-'
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na citrate tecause more of this is reouir-ed than for l i tllium oxalate or heparin, anc ht::nce greater plasma dilution.
Morrison(l05) believes the former iE better than heparin
or ox.slate, but emphasizes the fact that too much will
decrease rouleaux.

Sappington(l41) found the rate in-

crease vvi tb hei:;arin more than with c:i trate or oxalate.
Berg(<2) finds that oxalated blood gi.-ves more of an inaccuracy if the blooc is allowec. to stanc. long, and is of
the opinion that ci tr-ate is a much better anticoagulant in
this respect.
Yarcumian(l72) emphasizes the :~act that the test
must be run v;i thin a short time after the blood is drawn.
He also believes the bore of the tube causes no variation

udess less than 5 or greater than 11mm. in diameter.
J".~orrison( lOE) believes tube length or bore

illai:<.€S

no rate

difference except that if inclined .slightly the smaller
bored tube will Ei ve more of an err,n·.

Nichols( lOS)

believes that tubes of less than 2m:n. bore should not be
usec.
Vogt(l62), Morrison(l05), Nichols(l0£.) r-er-ort an
acceleratior: of' the sedimentation rate wi t,h a temperature
rise.
P

Conversely, they reco 6ini ze a decrease of rate with

lov, temperature.
~ffiller( <29) is of the opinion that age is of no im-

portance.
~·
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CW\.PTER IV
'I'Wi: CLINICAL APPLICATION OF THE FRYTHROCYTE

SEDIMENTATION RATE

ADDI EON '.S DISYASE

The f±r st report on the use of the sedimentation
rate in Adc.i.son's disease came from Bonilla and Moya(l5),
who followed twenty-four cases.

They found the rate

accelerated and believe the test has a distinct diagnostic
value in cases with an aty:;::.ical syndrome, and that the
rate is proportional to the degree of involvement of the
adrenals.

Koelsche( 8£-), states that since eighty to

ninety per cent of Addison's disease is due to tuberculosis, the settling time of the er:rthrocytes can be expected to be decreased as in pulmonary tuberculosis, with
an increased fibrinogen and usually an associated anew~a.
In crises he found the rate to be normal because of the
increased blood viscosity due to dehydration.

However as

a prognostic index the test was of no value, in fact
those v.i th the lower rate were the ones who died earliest.
ALLERGY
Schulhof(142) found a very slow rate consistenly in
allergic patients, anc. also in thE: non-symptomatic relatives.

Knott( 88), observed no sif>nificant rate change in

asthme.tice.

He found that the only patients with an

accelerated rate are those with clinical anc bacterial

........
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evidence of secondary infection.

In regards to therapy,

if t~e rate remains normal over a long period of time it
is good evidence that any active inflarrmatory element ha.s
been overcome.

Sullivan and Vaughan(lE5), find no pro-

nouncec nor consistent change in sedimentation time in
allergic patients after the ingestion of allergenic foods.
This is in accord with their findings in t.."1-ie literature,
some reporting cecreased, and others an increased settling
tine.

Gelford and Victor(47) observed no rate change in

patientf with hay fever, even in the pollen season, and
likewise no change with therapy.

Wescott and Spain(l67)

report norm,el rates in seventy-five asthmatic patients
whom they followed closely.
ARTHFJTI2

Dawson, Sia and Boots(20) followed five hundred of
the tests, run on two hundred and twenty pa ti en ts, and
observed a very high rate in rheumcitOid arthritis, which
parallels the extent and degree of activity of the condition.

Likewise, exacerbations and remissions were char-

acterized by a rise and a drop resfectively.
chronic cases the rate tends toward normal.

In old
Osteoarthritis

patients rarely had an increased rate, and. often exhi bi ta::.

s norrral one.

Gout and gonorrheal arthritis manifested a

very rapid rate.

,.,_,

Weiss(l66) reviewed one hundred and fifty cases of
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rheumatic fever and tv11enty-five of infectious arthritis.
The height of the sedimentation rate was not a differential point between cases of rheumatic fever and those
arthritides of tuberculosis, gout, etc., but in the
former the behavior of a series at intervals was helpful.
The sedimentation time usually did not return to normal
in the infectious arthritis until ~he cause was discovered and removed.

Anemia accounted for the rise in some

cases, but not for over 15%, whereas the infection for
70-80%.

This was proven by comparing to cases of per-

nicious anemia, etc.
Stainsby and Nicholls(l4$) followed five hundred
and ninety-seven patients with rhe~matoid arthritis.

The

results indicate that the rate is e. reliable cri teron of
the activity or severity of the arthritic process at the
time of testing, and that any fundamental change in the
clinical condition produces immediate corresponding
changes in the rc,te.

The rate average also is progress-

ively higher with advancing age periods, and also shows
a tendency to be higher in the winter and summer.

There

is no relationship between the rate and the streftococcus
agglutination reaction.

They believe it to be a good

means of following the patient's progress.
In a series of one hundred and seven arthritis
~atients, Oppel, Myers, and Keefer(l13) find that the

_.
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test cannot be usec. in the differen'tial diagnosis, because they are taken at various staJ~es of the disease.
In general, rheumatoid arthritis exhibits a higher rate
than degenerative, and rheumatic fever higher than rheumatoid arthritis •
Dawson( ~O) sav,; no constant relationship between the
sedimentation rate and the concentration of the plasma
protein in atroph::k; arthritis.

Frecuent small whole blood

transfusions were frequently followed by a decreesed rate,
without improvement in plasma protein relationships.

At

the Mayo Clinic, Treusch and Krusen(.158) closely followed
one hundr·ed and fifty cases of rheumetoid and seventynine of osteoarthritis.

The diagnosis was made there and

the patients we1 e instructed on physical therapy to be
done at home by their local physician, and the sedimentation test was performed before and after therapy.

The

rates were more rapid than normal in 4/5 ofthe cases of
1·neumatoid, and in 1/::= of the osteoarthri 'tis patients.
The rate droppec more rapidly in the latter than in the
former, following physical therapy.
Kling(86) reports some interesc.ng observations on
the sedimentation rate of cells added to synovial fluid
com~ared to blood sedimentation rate in the various arthritic.es.

._,.

Acute infections elevate the rate because of
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the incree.se ir:: proteins and es,i;.,eC ia.lly fi brinogen, due
to the inflammc1.tion.

Thesynovic:l fluid rate reflects the

local, anc the blood rate the systemic condition.

The

comparative gives tl:.e amount the local contributes to the
general, and vice versa.

Some vari2tions were noted due

to the opposite effect ot fibrinogen and mucin.

The for-

mer will increase and the latter will decrease the initial
rate.

So if it is low the r,ro tein may be decr·eased or tbs

mucin increasec.

In chronic infections there was a decline

of the systerr.d.c and prev&lence of the local reaction.
Tuberculosis cases were the same as other chronic cases.
Ninety percent of synovial effusions have a dual composition; the syster;tlc reaction produces protein, and crystalloid extravasation from the circt.le_tion; the local irritation of the synovial membrane produces a mucinous substance which determines the fhysiochernical properties of
the joint fluid.

Then the severity of the joint infection

is indicated by the synovial fluic, curve and the general
reaction by the blooc sedimentation rate •
Haden and ::Cinell( 62) observecl the sedimentation rate
to be eleva.ted in 87 of 100 cases of gout.

The rate was

much lower than that of rheumatoid, and slightly less thro
in osteoarthritis.

The Rourke ancl ~rnstene Technique was

used which showed a normal of .24 mm. per minute as compa.rec. to • 45, • 98, and • 58 mm. per minute respectively.

_,
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The rate was lowest in acute subsj_cing cases anc in inactive cases.
gressive type.

The hif;hest rate was in the chronic proThere was no correilation between the rate

and the uric acid level.

Forty-five per cent of the

patients had foci of' infection removed before the test
was run in orc?er- to eliminate the focus possibility.

Th~

suggest that the increased .t--lasma fibrinogen may cause
the increased rate, through faulty intermediate protein
metabolism or an impaired liver function.

DIABETES
Kramer(£ 1) performed 510 sedi ;r.entation tests on 366
patients.

67.3% (346) showeci abnormal readings, but an

associated infection most often accounted for any elevation.

He concludec there was no relation between diabetes

and the rate.

He likewise found no relation of the rate

to the blood sugar level.

Wal ton( 164) observed diabetic

hyperglycemia to not effect the r·ate, but the onset of
dry gangrene as decreasing the rate.
F:FFUSIJNS

Cohen, Faraci, and Pollak(22) attemped to correlate
the sedimentation rate of plasma, I leural, and asci tic
fluid.

They wished to find whether or not the index of

inflammation of the aspirated fluic can be used as a differential test between transudate, serofibrinous exudate,
"-"'
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and a purulent exudate.

They compared the rate of pleural

IIi
I!

and asci tic effusions to the patient's blood in sixty-one

!1

cases of tuberculosis and took 153 readings.

I!::

of comparative rates was very constant.

The results

It was ~ery rapid

in inflammatory effusions which has a high protein con ten,:,.
The rate of the exudat,e was higher than the patient's
plasma rate.

There was a definite correlation between

specific gravity, protein, and type of fluid.
GASTROENT:iffiOLOGY
Galob and Borowsk:y(46) supervised routine sedimentation ra t€s in a large number of gastro-intestinal patien-u:;
and found no increase

in rate in gastric ulcer, but a

distinct rise with carcinomatous degeneration.

They also

found quite a pronouncealy f;reater rise in carcinoma in
the right colon as com1,ared to the left where there is
less anemia associated.

Lipp and Aaron(£·?) reviewec. sed-

imentation rates in one thousand patients admitted for
gastro-intestinal diseases.

Eighty per cent of the car-

cinomas of the tract showed an elevated rate •

.Anemia was

associated in 80%, and the rate was highest where there

were liver metastases.
a normal rate.

No esophagus neoplasms exhibited

Fighty-six per cent of the pancreas mal-

ignancies showed an increase, and eighty-seven ~er cent
of the cases of nonspecific ulcerative coli tis sbowed. an
11w
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increased rate.

'Cighty-four

1:-

er cent of d-c;.odeni tis and

sixty-one per cent of gastric ulcers were free from an
accelerated rate.

In the functionBl group including

cardiospasm, pylorospas:n, irritable colon, and visceroptosi s the rate was normal in ninety-five per cent of the
cases.
Walton(l64) found a carci:ioma of the esophagus to
usually give rise to an increased settling rate, but this
may be accoc1panied by decreased nutrition which gi -ves rise
to a polycythemia.

In general, an ulcer shows a normal

rate, and a carcinoCTa of the stomach an increased one.
Hence after a proper medical regime, if an ulcer, the
chances are best for a normal rate, whereas if a carcinoma, the rate should be more likely to be accelerated with
an increasing toxicity, degeneration, anc spread.

He be-

lieves this a good test to use in the differentiatton.
The clinical pictures of f·ernicious anemia and of carcinoma of the stomach are of ten confusing.

In the former t.he

rate will usually be normal after 2orrection for the anemia, whereas this is not true in the latter.
JAUJ\TDIC~

Rosenthal anc. Blowstein(l:::4) found no relation to

exist between the sedimentation rate and the degree of
jaundice-- 80% even having a subnormal rate.

~
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They also

label the test as being of no value in the differential
diagnosis in such instances.

Linton(96) believed that

the test could be used very accurately in predicting
post operative hemorrhage in jaundiced patients--with a
high pre-operative rate they found an increased postoperative tendency toward hemorrhage, and much Jess if
the rates were normal.

He believes it superior even to

the degree of jaundice, coagulation, and bleeding time.
Clute and Veal(88) also believe that a high pre-operative ·
rate will m6re strongly suggest the possibility of such
a hemorrhage, but do not believe i~ to be too dependable.
Burke and Weir(l7) reviewed a large number of cases at
the Mayo clinic and found that within the limits of their
data, the deviations from normal of the blood fibrin, sedimentation rate, and protein and viscosity of the serum,
are not great enough to be of s,ignificance in explaining
the hemorrhagic tendency in jaundiced patients.

They

believe the duration of the jaundice, its intensity as
measured by the increased serum bilirubin, and coagulation
time more important in judging the possibility of postoperative hemorrhage in the individual patient.

J

CORONORY THROMBOSIS AND ANGINA RSCTORIS
Rabinowitz and Shockhoff(124) closely followed a
number of patients with coronary occlusion and found an
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increased sedimentation rate which persisted longer than
the fever or the leucocytosis.

They believe theremay be

a relation between the rate and the amount of myocardial
involvement, and that the test provides a good index to
the rate of healing.

The rate was found to rise more

readily in the elderly patients.

Shookhoff, Douglas, and

Rabinowitz(l45) later ran the test on twenty-nine patients
with coronary, all having EKG changes, clinical sign;and
symptoms, and fivevere proven at autopsy.

In all but one

case, the rate was increased within five days after the
attack, one occurring within 48 hours.
to normal in 13-39 days.

The rates returned

In two instances the tempera-

ture and the white count was normal throughout while the
sedimentation rate was markedly increased.

The test seemed

especially good where a patient gives a history of angina
pectoris days or weeks past, and the temperature and the
white count is normal.

The test makes bed rest less arbi-

trary and helps diagnose subsequent infarctions or infections.._

Wood( 172) reviewed 165 patients.

In all cases

diagnosed as a cardiac neurosis the rate was normal.

In

the cases of congestive heart failure, the rate dropped
regardless of the heart pathology, and rose again with
improvement.

This quite evidently marks the test as

valueless in cases of rheumatic carditis, thrombosis,
syphilic aorti tis, etc. , complicated by congestive failure.
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The cause of the drop in rate in congestive failure may
be due to an excess carbon dioxide and dec r eased plasma
fibrin.

The slowest rate was that encountered in Fallot-• s

tetralogy with marked cyanosis, increased hemoglobin, and
blood viscosity.

Frequently one sees patients with an

aortic insufficiency of a doubtful etiology.

The diagno-

sis usually rests between an old rheumatic aortic valvular
disease, atherosclerosis, and syphi litic aortitis.

The

test may be helpful in these instances, for in only the
latter is the rate elevated.

An elevated rate in this con-

dition has been found to indicate a poor prognosis.

In

malignant hypertension the increase in rate is proportional
V

to the degree of remal empairment.

Also with the uremia

there is an elevated rate, and with congestive failure a
decrease in rate.

In simple hypertensive heart disease,

fifty per cent of the cases showed an increased rate.
Ma-st patients with coronary thrombosis and infarction show
a rise in rate within 1-2 days, reaching a peak in 3 weeks,
and back to normal in 6-8 weeks.

A marked rise in rate

occurs in the cases of pulmonary infarction.
Riseman and Brown(l28) revie wed coronary thrombosis
in 25 male and 12 female patients.

The rate was found

to be elevated within four days, reached a maximum in 4-12
days, and 13 rates were normal within 14-28 days.

The

test was r un on a number of patients who had a .history of
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angina pectoris, some having increased blood pressure,
EKG changes; arteriosclerosis, and increased heart size
as evidenced radiologically, and the presence or history
of the attacks seemed to have no relation to the sedimentation rate.

In cases of thrombosis the mortality rate

was twice as high if the rate was elevated when the
patient was dismissed from the hospital.

Forty per cent

of the patients had an increased rate after five weeks.
They believe a patient should be kept in bed until the
sedimentation rate is normal or until no progressive decrease in rate occurs.

This suggests the value of a sed-

imentation rate to differentiate between a thrombosis and
the benign symptom of angina pectoris in itself not necessarily indicative of infarction.
Gorham and Thompson( 54) agree as to the value of the
test in the diagnosis of many typical coronary attacks,
or from a history alone.

They also found the rate normal

with a pure angina pectoris.

The rate reached the peak

in 4-14 days after the attack in most instances of thrombosis.

In instances of coronary sclerosis the rate was

moderately elevated.

They feel they can draw no conclu-

sions regarding the severity of the disease, prognosis in
a particular case, or the time when healing occurs from
the sedimentation test alone.
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DERMATOLOGY
Tulipan and Director(l60) followed sedimentation rates
on 135 dermatology patients in an attempt to determine
whether or not the test was of any value in the differential diagnosis in this field.

The rates were normal in

lupus erythematosus and multiforme, including the bullous
variety.

The rate was usually elevated in skin tubercu-

losis, dermatitis herpetiformis, invariably elevated in .
erythema nodosum, and markedly so in phenolphalein eruptions.

The rate in epitheliomas was extremely variable.

The rate was normal in many of the common dermatoses,
and borderline in mycosis fungoides and erythroderma.
The rate was uniformly elevated in pemphigus which may be
valuable in differentiating it from erythema multiforme
bullosum.
HODGKIN'S DISEASE
In reviewing 17 cases of Hodgkin's di·sease, Wise(l71)
found no correlation between the sedimentation rate and
clinical progress.

However usually they advised more in-

tensive therapy if the rate was ac celerated, and noted
that sulfonamides had a beneficial effect-- the nodes decreas ed in size, fever disappeared, the patient's general
condition improved, and the rate dropped.
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LEUKEUIA

Hirschberg(69) found a normal rate in chronic, and
an elevated rate in acute leukemias.

He believes that

chronic leukemias, plus an infection gives rise to a decrease of phagocytic power of the mature neutrophiles and
subsequently leads to an acute leukemia.

LIVER DISF.ASES
Walton(164) followed a series of patients with liver .
disease, noting the sedimentation rates in particular.
✓

Acholuric jaundice, a disease with no app~rent influence
on hepatic metabolism,

except in so far as a notable am-

ount of bile salts is excreted, the rate is elevated.

In

congenital obliteration of the bile ducts with at least
an eight week history of retentive jaundice, a marked rise
in rate is observed.

The rate is normal in hepatic and

splenic cirrhosis of an unlmown etiology and occurring in
children.

Banti 's disease with a long history commonly

gives an increased rate.

Alcoholic hepatic cirrhosis may

exhibit an accelerated rate, and acute catarrhal jaundice
usually increases the settling time.
NEPHRITIS
Rubin, Rapoport, and Waltz(l40) reviewed forty cases
of acute glomerulonephritis.

They find an increased rate

in acute upper respiratory infections which usually cleared
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up in tbree weeks, whereas in the cases of nephritis
following an acute upper respiratory infection it would
require at least twelve weeks for the rate to return to
normal.

They believe the test is as good or better prog-

nostic index as the Addis count.
OPHTHALMOLOGY -.AND VITAMlli A DEFICIENCY
Considering the emphasis of Jate on vitamins it is
surprising to find only one article on the test in this
large subject.

Jolm(77) of Peiping Union Medical College

of Peiping, China ran the test on 22 patients with a deficiency of Vitamin A.

Of the seven patients with kera-

tomalacia, six had normal rates, and eight of fifteen with
xerotic changes had

normal rates.

However in those

patients with an elevated rate, it remained so after cod
liver oil administration and all the eye changes were
gone .
O'l'I'ITS___MEDIA

Hart( 64) found the sedimentation rate to be proportional to the degree of infection in twenty-five cases
of acute otitis media, irrespective of the type.

The

test proved to be of no value in ear infections per se
and mastoid extension .

It was of no differential value

in excluding lateral sinus infection.

However, the rate

decreased with a decline in the infection severity.
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The

rate was more accelerated in Streptococcus infections.
Hume and Kahn(73) report normal rates in simple uncomplicated otitis media, but as soon as the serous effusion
becomes purulent the rate promptly rises.

The rate re-

turns to normal much later than the blood picture.

The

blood is more responsive to acute inflammation, but the
test provides a better index to the degree of tissue
destruction.

In instances of chronic otitis media with

an acute exacerbation there is no rise in "rcte beoause
tissue destruction is not marked.
PERTUSSIS
Gold and Bell(50) have used the test in order f.o
facilitate an earlier diagnosis in order to avoid epidem-

v

ics of pertussis.

The rates proves to be normal or sub-

normal in nearly all instances.

They used the so-called

characteristic triad of lymphocytosis, prolongation in
the time of the cough, and the increased sedimentation
rate.

Rohr and Krieger(l32) observed a retarded rate in

86% of their cases of pertussis.
PNEUMONIA
Moeh and Reimann(lOO) recorded a rise in blood fibrinogen and globulin which paralleled the drop in rate
in 28 cases of lobar pneumonia.

They believe that it is

quite likely that unknovm qualitative changes in the
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protein fractions may play a role.

The rate was found

to be always decreased with an increase in plasma viscosity.

The total plasma protein level was universally

decreased in the febrile period of the disease.
SINUSITIS AND OTHER FOCI OF INFECTION
In 13 cases of chronic tonsillitis, 27 cases of
dental peri-apical infection, and 20 of chronic sinusitis, Lintz{94) reported a normal rate.
PARASITIC INFECTIONS
Wintrobe(l69) finds the rate complementary to, and
in some ways more sensitive than the temperature, pulse,
and the white blood count.

But critic ism usually is the

consequence of failure to appreciate its non-specific
character and refusal to recognize the many factors
affecting it.
PHLEBITIS
Biegeleisen(lO) of the Varicose Vein Clinic of the
German Polyclinic, finds the literature and means of
diagnosis quite inadequate in view of the importance of
phlebitis.

It is first important to recognize the dif-

ference between phlebitis in a normal vein and phlebitis
in a varicose vein.

The former is readily recognized by

the presence of a hard thrombotic process, the familiar
symptoms and signs of any inflammation, namely redness,
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tenderness and heat.

This diagnostic rule does not suf-

fice for phlebitis of varicose veins however.

The reason

for the difference in clinical appearance is due to the
fact that the varicose .vein is the seat of a reverse
flow and its walls heal with difficulty or not at all.
On

account of the abnormal metabolic conditions present,

there is a great tendency for the inflannnatory processes

to remain chronic or latent for long periods of time.
Also the tissues which are bathed by this vicious circulation tend to become infected for long periods, and so
act as a focus for the continuation of the phlebitic processes.

The stagnant blood pool in varicose veins offers

an ideal cultural me,dium for bacteria that may be fed
from any part of the body.

Thus an acute

phlebitis may

arise spontaneously without any apparent etiology.

The

very acute cases are easily recognized, but those less
acute cases are difficult and often account for injection
difficulties and complications.

Si nce then clinical

evidence is not sufficient for a diagnosis, the sedimentation test was tried, attempting to rule out other causes
of an accelerated rate before evaluating the test.
case of acute phlebitis showed an increased rate.
doubtful cases the test helped make the diagnosis.

Every
In
Some

rise in rate was n9ted after injections, so it is advisable to run it before in;j"ections for a more proper evalua-
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tion.

He

Varicose ulcers alone do not affect the rate.

concludes that the test offers a good support in these
cases and is subject to no more errors than most other
laboratory tests commonly employed.

P'SYCHIATRY AND NEUROLOGY
Glaus(49) finds the sedimentation rate to be elevated
markedly in senile dementia, neurosyphilis, general paralysis, catatonia, the period immediately after epileptic
seizures, and within the normal range in constitutional
psychopathies, neurasthenia, hysteria, manic-depressive
psychoses and in paranoi.
Goldwyn(52) believes the test quite valuable in
psychiatry since so often patients are so engrossed in
hallucinations and delusions to make subjective complaints
of physical disorders.

He believes an elevated rate always

means pathology, unless there has been a technical error,
and recommends their rouvine use in this specialty.

Gold-

wyn(53) finds the highest rates in the acute alcoholic
psychoses and

noted a gradual decrease in rate corres-

ponding to mental improvement.

The rate seems to vary with

the amounts of mental deterioration, organic destruction,
and toxicity present.

In his experience

manic-depressives,

psychopathies, psychoneuroses, and paranoia patients had
a normal rate, while senile

psychoses due to sclerosis,

general paralysis, lues, acute alcoholism, and epilepsy

-54-

exhibited marked accelerations.

Simple and paranoid

schizophrenics usually have a normal rate while the hebephrenics and catatonics tend toward a moderate acceleration in rate.

-He believes the test to be an efficient

indicator in many somatic diseases and of practical value
in dealing with psychotic patients.
found the rate to be

Ho·wever Freeman( 41)

normal in all schizophrenics, and

observed no significant difference between the different
classes of schizophrenia.
Gregory(57) reviewed the rate on 1,102 psychiatric
patients admitted into the Binghamton State Hospital.
His findings were essentially in accord with those of
. Goldwyn(52) and Glaus(49}.

He found an increased rate

in manics which he believes is because of the bruises,
exhaustion, and dehydration.

The frequency of cardio-

. renal, respiratory, and other diseases common to elderly
patients perhaps accounts for the increased rate in senile
and arteriosclerotic cases.

Sixty-five of ninety-three

patients with paresis exhibited a normal rate.
Wintrobe(169) reviewed the course of 488 patients
in the Diagnostic Clinic of Johns Hopkins Hospital who
had a

normal sedimentation rate.

After the patient was

thoroughly covered, organic disease was found in only
eight cases.

Agner(l) observed the rate to be increased

in only 4% of those cases diagnosed as functional and in

-55-

43.9% of those with organic disease.

The relative lower

rate in the clarified may be explained by the fact that
many of these cases presented common organic pathology
not exhibiting an increased rate.

This study comprised

rates on 2 7 063 unselected patients of general diagnostic
problems.
Helm(66) attempted to predict the nature of the sedimentation rate in 1,000 patients.
cases(94.3%).

He was correct in 943

In 173 cases the test helped confirm the

diagnosis and served as a guide in therapy; in 77 cases
it was confirmatory to some degree but did not influence
the therapy; in 57 instances with an elevated rate there
could be found

no definite etiology for the rise, other

than certain numbers of cases of chronic sinusitis, dental
abscess, etc.

In 17 cases nothing suggestive was found

to account for the rise.
Klingman, Laidlow, and Spotnitz(87) undertook a
study of the sedimentation rate in 679 patients admitted
to a general neurologic service, and reported the results
in 125 cases of verified intra-cranial tumors and in 43
cases of psychoneurosis, used for a control group.

Results

show that all types of tumors occasionally show a normal
rate, but the rate shows a tendency to both an absolute
increase in value and

an increase in frequency of increased

rate as the type of tumor· becomes more malignant.
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The

metastatic malignant tumors give the highest rate.

The

relatively increased value and comparative frequency of
accelerated rates in ~atients with subdural hematoma
suggest that such an increased rate in patients with
head injuries

may be of value in the diagnosis of intra-

cranial hemorrhage and production of chronic subdural
hematoma.

RADIOLOGY
Rubin and Glaser( 129) studied the effect of radiation upon the sedimentation rate.

Unfiltered ratiation

gives rise to an accelerated rate, and the degree of maximal effect depends on the initial rate, a

moderate rate

giving the greatest actual rise, and a very - rapid rate
giving an earlier rise, but the effect is more transient.
This rise he interprets as being due to the heat manifested by the radiation.

The factors that accelerate

the rate function less in a

normal rate, therefore radi-

ation has little effect on riormal blood.

Filtered ·radi-

ation has practically no effect, whereas exposure to only
the heat of t he irradiation

accelerates the rate.

These

findings agree with those of Pohle(l21) who further found
that radiation exposure after 35-40 minutes of sedimentation has very little effect because in this third stage
of sedimentation, the so-called stage of sacking , the
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erythrocytes are alreatly so tightly packed that if radiation were effective, this effect could not be traced.
The sedimentation rate is reversible, it can be reproduced
qualitatively but not quantitatively.

He later (100) re-

corded rates before and after x-ray therapy in 100 patients.
/

In patients receiving small doses (dermatitit, etc.) the
rate was effected but slightly; if moderate, a corresponding
rate change, and a marked change in rate in those with intensive therapy, as in the case of certain malignancies.
The rates returned to normal in about 3-4 hours.

He be-

lieves that changes in the colloidal composition of the
blood and in the suspension stability of the plasma account
for this rate change.
RHEUMATIC FEVER
Ernstene(36) declares that the test is very valuable
in rheumatic fever because so often salicylates decrease
joint pain, fever, and the patient permitted up and about
too soon, thus suffering serious consequences.
a series of
fever.

He followed

patients with the three types of rheumatic

In the monocyclic type, with severe polyarthritis,

high fever, and toxic symptoms and a relatively rapid recovery without relapse, the rate returned to normal in a
few days to two months after the fever and arthritic
symptoms subsided.

The plasma fibrinogen became normal

at about the same time as did the sedimentation rate.
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In

the polycyclic type, characterized by one or more relapses of fever, tachycardia, and polyarthritis after the
initial subsidence of these symptoms, the white count,
fibrinogen, and sedimentation rate seemed to be elevated
for a longer time than in the monocyclic, all becoming
normal at about the same time.

.

The continuous type of rheumatic fever, is character)

i zed by tachycardiad, intermittent elevation of tempera-

ture persisting for a long time, and with
ment as the outstanding feature.
is a less common symptom

in

heart involve-

Recurring polyarthritis

this type.

The sedimenta-

tion rate, etc., decreased about the same as in the polycyclic type •
In all types the r-ate appears to be a roore sensitive
criterion than the white count, being also least effected
by salicylate therapy.

In general, plasma fibrinogen and

the sedimentation rate become normal simultaneously.
Weiss(l66) found the rate increased for 3-7 weeks after
all complaints disappeared,

and observed no variation

from severe to mild cases.
Coburn and Kapp(21) found the plasma fibrinogen universally elevated in rheumatic fever cases with an elevated
sedimentation rate.

If the fibrinogen was removed the

rate decreased some, but it showed some evidence of a
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residual factor of some magnitude.

If globulin was re-

moved the rate dropped almos~ to zero.

He interpreted

his findings as indicating that a sharp rise in rate can
be expected in response to repeated doses of foreign
protein.

He believes the rheumatic fever patient receives

a dose of foreign protein during acute pharyngitis.

Perry(ll6)
followed 167 rheumatic fever patients,

and 1,042 sedimentation rates.

In chorea the rate was

almost universally normal, causing him to wonder whether
or

not it was real1y a rheumatic residual.

The rate was

usually fairly low before and after the development of
subcutaneous nodules.

All cases of rheumatic carditi-s

exhibited an increased rate, and all cases of congestive
failure showed a

normal rate.

King(84) found less daily fluctuations in the rate
than in any other

laboratory test, and also considers

persistent elevation as indicating rheumatic activity.
The Albumin-globulin ratio was altered with congestive
failure and the rate decreased.
Klein, Levinson, and Rosenblum(85) agree that the

j

sedimentation test is a very reliable index of rheumatic
activity and find a low rate wi "th decomp. and chorea.
Payne and Schlesinger(ll5) observed a decreased rate to
occur slightly before decompensation, just before edema
is evident, and at about the tiII1€ of hepatic enlargement.
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The rate rose again upon improvement from the decompensation.

The rate decreased with a subsidence of the sub-

cutaneous nodules, and likewise a persistent rise clearly
indicates that the end of the active phase has not been
reached and the

nodules will remain for an indefinite

period.
Elghammer(35) believes that a tonsillectomy in a
rheumatic patient is followed by an activation of the infection and may in some cases result in a marked exacerbation.

Bacal and Struthers(4) agree that no foci of in-

fection should be done until all infection activity evidence
bas been absent for at

least six weeks, as evidenced by

the rectal temperature, sleeping .pulse, sedimentation rate,
Schilling Shift, white blood count, and body weight.
They compared the post-operative condition in 100 rheumatic
· fever

patients to those of 50 non-rheumatic patients with-

out any history or evidence of the infection.

The former

patients averaged weight loss of 3 pounds (1-6 range)

I whereas

in the latter it was scarcely evident, they devel-

oped more complications, such as hemorrhage, cervical ad/

enitis, showed

more sedimentation rate elevation, except

for some cases, it was decreased with removal of the focus.
Struthers and Bacal(l53) found a decrease in sedimentation rate in 17 out of 27 patients who received
plasma intr·a-venously.
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Rosenberg (l33) also obtained very

good results using plasma and suggests it may be better
than salicylates in the treatment of rheumatic fever.
It seems to be unanimously agreed upon that near
absolute rest is advisable until the sedtmentation rate
becomes normal in rheumatic fever patients.
SCARLET FEVER
Friedman( 43) found no sedimentation ra:. e e;t.evation
in fifty-five patients with scarlet fever with no fever
or constitutional symptoms.
ually is normal in two weeks.

In mild cases the rate usIn the more severe cases

the rate usually remained elevated until after the routine
four week stay in the hospital, even in uncomplicated
cases.

Patients with an ordinary streptococcal throat

gave about the same sedimentation rate elevation.

Most

cases exhibited a rise with complications, and the elevation did not seem to precede the onset of complications as
some have believed.

He drew no conclusions as to the

effect of serum and anti-toxin on the disease; as judged
by this test.

The test seems to be of little value in

this infection.

Kozinn and Litvak(90) found a higher com-

plication rate in patients with a sedimentation rate elevation and believe such patients should recei~e more intensive therapy.

'
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•

SULFONAMIDE THERAPY
Palmer(114) observed sedimentation rates on 101
patients with anterior urethritis which in itself gives
no elevation in rate and found that sulfonilimide or sulfathiazole had no appreciable effect on the rate.
SYPHILIS
Danzer(28) believes that angina pectoris, a negative
carotid sinus reflex, and an increased sedimentation rate
constitutes a diagnostic triad for syphilitic aorti tis.
Walten(l64) believes that an elevated rate in the newborn
or in the apyretic infant who will merely show a lack of
normal development, may very likely have congenital syphilis,
even in the face of a negative Wassermann.

Hoverson and

Peterson(?l) believe that syphilic patients have a subnormal rate.

They are of the opini on that the daily fluc-

tuation is . too great to be of any value in this disease.
Miller(99) ·reports a normal rate in tabetics and an elevated one in patients with syphilis of the central nervous
system or the cardiovascular system.
THYROID DISEASE
Moolten and Goodman(l03) report no constant parallelism between the basal metabolic rate, blood sedimentation
rate, and the throid entities, after studying one hundred
cases of thyroid dysfunction.
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Mora and Gault(l04) are of

the same opinion.
DeCourcy(32) is convinced of a normal rate in nontoxic thyroid enlargements, and an increased rate in
toxic cases which is proportional to the degTee of toxicity.

Tschernozatonskaia(l59), working in the State In-

stitute of Experimental Endocrinology, at Moscow, found
an elevated rate with hyperthyroidism, and a decreased
rate in myxedema.

He believes that the higher the rate,

the greater the throid damage to the patient.
MISCELLANEOUS

Fetter and Scbnobel(40) found no sedimentation rate
alteration in patients receiving fever therapy.

Kagan(81)

found the rat:e increased in acute poliomyelitis in monkeys who run a normal the same as in humans.
Turell and Marino(l61) advocate the sedimentation
rate in cases of anal suppuration, and especially in psychoneurotics, to ,see if they are exaggerating their complaints.
They found fissures and thrombosis of hemorrhoidal vessels
to be the most important conditions from which suppuration
in ano-rectal tissue must be differentiated.
Obermer(lll) made a special study of the amount of
sedimentation rate elevation which occurs after any accidental or operative trauma.

It is universally elevated

and will remain so until healing or cicatrication takes
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place.
Grodinsky(60) found that the presence or absence of
jaundice seems to make no rate difference in cases of
acute cholepystitis.

Stokes(l52} states that in chole-

cystitis, even though there are but few clinical symptoms
or signs, and elevated rate should lead the surgeon to
suspect a fair degree of activity.
OBSTETRICS AND GYNECOLOGY
PREGNANCY
The only normal physiologically elevated blood sedimentation rate is that occurring with pregnancy.
has been observed for a number of years.

This

The most de-

tailed study of the test in pregnancy was made by Vogt(l62).
He noted that 99% of all pregnant women have an accelerated
rate at the end of the third month, and there is a progressi ve ris_e up to term.

Seventy-two per cent have a .

normal rate within six weeks post partal.

The following

tabulation gives a good idea as to the consistent rise with
the progress of pregnancy to term.
5 months

14mm. per MinlrclAverage

6 months

19mm.

II

II

"

4

II

fl

II

7 months

22mm.

II

II

II

3

II

II

II

Term

24mm.

II

II

II

3.5

II

II

2 days post partal

27.5

II

II

II

9

It

II

II

7 0ays

II

II

25.5

II

II

II

9

II

II

II

6 weeks

11

II

12

II

II

II

20

II

II

II
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3 . fimm. Average
variation in mm.

He believes that the leucocytosis of pregnancy produces
a rise in fibrinogen, plus an associated anemia so corrmon
to pregnancy by virtue of a lessened number of particles
in the suspensoid, thereby the mean free path of such
particles becoming greater and the combination of these
two factors elevating the sedimentation rate.

He is

also of the _opinion that a rise in blood volume and
greater absorption of products of cell activity plays a
role in the rise.
Mathieu, Trotman, Haskins, and Osgood(98), Katherine
(82), Friedlander(42), and Scott(143) found the sedimentation rate normal until the second trimester unless complications set in.

They found a similar rise to that

reported by Vogt(l62) in all except 2.7% who maintained
a normal rate to term.

Most of bis cases had normal rates

within four weeks post partal.
MENSE§
Walton(l64) reports the sedimentation rate to be
slightly subnormal during the menstrual flow and slightly
elevated a day or so before the onset of the flow.

Win-

trobe(l?O) found the effect of menses on the rate to be
negligible.

Obermer(lll), Greene(55), and Stokes(l52)

noted no regularity on the effect of menses on the blood
sedimentation in any particular phase of menstruation.
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GYNECOLOGY

Friedlander(42) was the first to · use the blood sedimentation rate in the field of Gynecology.

After findi?g

the rate elevated in many cases where the temperature and
leucocyte count is normal he believed it more precise than
either of the latter, but emphasizes that it remains a
nonspecific test.

He studied

Hospital in Detroit.

1,soo

patients in the Womens'

He found cases of ectopic pregnancy

and texemiss to have a normal rate.

In many instances

of adnexal disease where a latent infection exists and
the temperature and white count is normal, but the sedimentation rate elevated, he postpones surgery until the
rate indicates a sterile field as far as the operation
is concerned, and thereby does not jeopardize the patient's
life.

He found simple non- inflammatory myomata, cysts,

and dermoids to have a normal rate.

But any such condi-

tions which were altered by necrosi s, etc., would cause
a sedimentation rate elevation.

Ruptured ectopics were

found to have a rate elevation equal to that of pelvic
inflammatory disease.

Baer and Reis(5) followed 100

gynecological patients and found essentially the same conditions.

They further concluded that a slow sedimentation

rate rules out pelvic inflammation and that the rate is
propor~ional to the virulence of the infection.
Polak and Mazzola(121) reviewed 300 gynecology patients and their sedimentation rates.
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They ea1d that it

is a well known fact that foci of infection may be quiescent for m-0nths or years, only to undergo an exacerbation
after operation, when they produce peritonitis, parametritis, and blood stream infection.

Apparently bacteria are

buried in the tissue and surrounded by a limited wall of
connective tissue and trauma produces bacterial dissemination.

They believe the sedimentation rate to add another

safe guard to the patient's well-being, for example they
believe that in incomplete potentially septic abortions
an appreciation of an accelerated sedimentation rate,
when associated with a normal temperature and white-cell
count, has saved many women from having their uteri curre-c,ted and Nature's barrier broken down.

They are of the

opinion that its routine use in Gynecology will likewise

.

safeguard the woman who is potentially infected or warn
us of her infectivity when local barriers are broken down.
Cherry( 18) is of the opinion that the rate is easily
influenced in diseases by absorption in the general circulation of unknown substances that produce changes in
chemical and physical balance of blood elements.

This

balance is then readily upset in all types of infection,
thus rendering it a most delicate indicator of invasion
of the body by disease.

After studying 71 cases of ad-

nexal infection they believe the degree or virulence of
the infection is not reflected in the sedimentation rate
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and that an extremely accelerated rate does not particularly mean a bad prognosis.

However, a steadily mounting

rate means increasing toxemia that may be fatal, but it
would be unwise to base a prognosis on this single laboratory test unless substantiated by other clinical symptoms.
They conclude that since the white cell count is not so
readily affected or delicately influenced that it is a
more reliable indicator of the degree and viruJe nee of
the infecting organism, and therefore is more dependable
as a guide to the proper time for surgical interference.
Williams(l68) is of the same opinion and adds that a rapid
rate has not been found to presage any unusual degree of
postoperative morbidity.
stand.

Black(l4) takes an intermediate

He believes the sedimentation rate, temperature

and leucocyte count collectively are very important in
determining the time for surgery in salpingitis.

He is of

the opinion that it is desirable to have the three normal
before surgery, but operates anyway if they fail to reach
normal after a sufficient length of time, where the abdomen is flabby, the mass is localized, and physical findings
warrant.
Polak and Tollefson(l22) supervised· routine sedimentation rates on 1,000 patients admitted to Long Island
Hospital which were run by a single resident in order to
exclude individual variations of error.
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.

They believe it

very reliable in determining the time for operation, prognosticating post-operative complications after the first
week, and as a criterion for discharging the patient.
They even go so far as to make the statement ibat a high

sedimentation rate means infection and a low rate excludes
infection for "sedimentation never lies".

Stimson and

Jones(l51) are of essentially the same opinion.
Mathieu , Trotman, Haskins, Osgood, and Albert(98)
report an accelerated rate in abortions and a return to
normal in 15 (plus. or minus) days after curettage, unless
infection or simple retention of uninfected products of
conception existed which would cause a persistent rise
in rate.

They agree with predecessors on the prime im-

portance of the temperature, white cell count, and sedimentation rate in choosing the time for surgery.

They

used the sedimentation test, post-operatively in their
1,125 patients and conclude that if there is not a gradual recession in rate, a rigid examination of the patient
is indicated.

There was no rise in rate in cystoceles,

rectoceles, retroversions, uterine prolapese, cervical
erosions, uncomplicated ovarian cysts, or in cases of
Trichomonas Vaginalis Vaginitis.

Infection of Skene 's

ducts or Bartholin's glancs always gave a moderate
acceleration in rate.
Grodinsky(60) observed the sedimentation rate in the
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University of Nebraska Hospital Surgery ward in cases of
acute, subacute, and chronic pelvic inflammatory conditions.
The tests were run by the Linzenmeier method as modified
by Friedlander(42) and simultaneous leucocyte and schilling
,

counts were done.

All cases of acute salpingi tis, tube-

ovarian abscess, and cul-de-sac abscesses showed an elevation less than 30 minutes, subacute of the same nature 3060 min., and 60-120 min. in chronic cases.

He also found

the leucocyte and the Schilling counts consistent with
the sedimentation rate, with a few glaring exceptions.
Simple ovarian cysts, perineal lacerations, displacements,
and uncomplicated fibroids exhibited a normal rate.

Fi-

broids associated with adnexal disease or infected exhibited an increased rate.

Acute genito -urinary infections

such as pyelitis, pyelonephritis, pyelonephrosis, prostatitis, and perinephric abscess gave a rate of less than
30 minutes without exception.

This fact is of importance

in differentiating from ureteral colic (stones) and other
genito-urinary conditions without gross infection, which
quite uniformly have an associated fairly normal rate.
Summerville and Falls(l56) report sedimentation rates
on 201 operative gynecological cas es.

In 153 instances,

the rate "definitely con traJndica ted surgery"• but the
white cell count, temperature, and the clinical picture
indicated surgery.

There was no mortality in these cases
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that could be attributed to infection following operation,
such as septicemia, pelvic abscess, or general peritonitis.
Post operative morbidity, complications, and hospital days
did not vary from that of 48 cases with a normal or subnormal sedimentation rate.

There .was no correlation be-

tween the sedimentation rate and the pathological findings
at operation.

The sedimentation rate was always acceler-

ated post-operatively, highest in 24 hrs., and began to
fall after three days, and often normal in seven days.
The rate rose if complications set in, but the clinical
signs and symptoms sufficed for the di%onosis of these.
From this it is obvious that their conclusion is that the
test is of no value in these respects.
Yates, Davidow, and Putnam(l74) ran sedimentation
rates on 6,000 gynecological patients entering the Detroit
Receiving Hospital over a three year period.

They found

the accuracy of the leucocyte count to be 67.8% of the
filament-non-filament count 77.2%; and of the blood sedimentation rate, ~1.4%.

They believe there is a definite

correlation between the sedimentation rate and the filament-non-filament count in infectious diseases, and that
the leucocyte count is undependable.
Katherine(82) also found a relatively normal sedimentation rate in the uncomplicated benign pelvic lesions,
as cysts, displacements, hyperplasia, and even in ovarian
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cysts with ascites.

She noted a consistent rise in the

rate after cautery for Bartholin abscess, lymphogranuloma
venerum, and after cautery of the cervix.

APPENDICITIS VERSUS ACUTE SALPINGITIS
Much work has been done and is being done in the use
of the blood sedimentation rate in differentiating appendicitis from acute salpingitis .

Grodinsky(60) found a

slow rate in cases of unruptured appendicitis.

Using the

same method as already cited, the average was . 115 minutes
(45-300 minute range).

Ruptured appendices, appendicular

abscesses, and with generalized peritonitis produced a
more rapid rate, averaging 27 minutes (19-39 range).
Katherine(82) also reports a more rapid rate in acute salpingitis than in acute appendicitis.
in chronic appendicitis .

The rate was normal

Smith, Harper, and watson(l47)

reviewed 19 cases of acute salpingitis and 38 cases of
acute appendicitis.

They observed the rate elevated more

in acute salpingi tis earlyrdn the course of the disease,
and that it was of more value if differentiating from
acute appendicitis than is the white count ot the differential.

They believe that the Fallopian tubes have only

a sympathetic innervation and are capable of great distensibility before causing symptoms, therefore the salpingitis has existed longer before giving rise to symptoms
than does the appendix.
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Thus the increased rate is more

in the first day or two of clinical symptoms.

The appendix

has a sympathetic and parasympathetic innervation and is
capable of only slight distention and it gives rise to
symptoms, andlence without much, if any, rise in the blood
sedimentation rate.
Lintgen and Fry(95) followed 30 patients with pelvic
inflammation and 100 with acute appendicitis at the Jefferson Medical College Hospital between the years 1934
and 1937.

The acute pelvic cases did not include those

with a previous history of attacks, pelvic masses, or those
ill over 72 hours.
unruptured cases.

Those of acute appendicitis were only
Ninety per cent of the acute pelvic

inflammatory diseases and fifty-two per cent of the acute
appendicitis cases gave an accelerated rate.

They con-

clude that the rate is only fair in such a differential
diagnosis, and do not agree with the statement that an
unruptured appendicitis has a normal rate.
Stimson and Jones(151) believe that a blood sedimentation rate will not differentiate between appendicitis,
pus tubes, and a ruptured ectopic pregnancy with marked
hemorrhage.

TUBERCULOSIS
One of the first reports to correto vthe United States
on the erythrocyte sedimentation rate in tuberculosis was
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made by Raykowske(l25) of Leipzig, Germany in 1924.

He

reported a satisfactory parallelism between the sedimentation rate and the activity of the tuberculous process,
namely, the greater the tuberculous process, the higher
the rate.
Cutler(24) found the usual criterion of little aid
in the patient with a pneumothorax because when the diseased
lung was put at rest the constitutional symptoms disappear,
and also often the physical and radiological signs reflect,
not the pathological process, ~ut the induced collapse.
He used the test on 131 patients over a period of three
and one-half years and has found it as an index of progression or retrogression of the tuberculous lesion.

His

experience cli~ically has shown that a patient with an
elevated rate, even though clinically negative, should be
treated as a patient with the signs and symptoms of an
active tuberculosis, until the rate becomes normal.

The

accelerated rate was the last objective evidence of activity to ..,become normal·, however such a return indicates
quiescence of the pathological process, but noLnecessarily
stability of the lesion.

It was usually a matter of weeks

or months before the rate returned to normal in most in#

stances.

Friedman(43) followed 250 cases and came to

almost identical conclusions.

He stressed the use of

serial sedimentation rates, and the surprisingly reliability
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of the test as an activity index when the temperature,
weight curve, etc., were essentially normal.

He believes

it is better than the x-ray to check the degree of activity of the disease and the x-ray most valuable to check
the anatomical spread of the disease.

He found the test

of no value in a differential diagnosis however.
Ringer and Roach(l27) found the test a most reliable
index in equivocal x-ray findings, in determining in which
direction the patient is keaded.

They believe it reenfor-

ces physicai radiologic, and symptomatic evidence, and
frequently presages oncoming evil or gives one confidence
in the ultimate outcome when clouds loom dark on the
clinical horizon.

They also stress the economical conven-

ience of the test.
In a review of 625 patients with pulmonary tuberculosis, Duncan(34) agrees with Ringer and Roach(l27).
Duncan( 34) stresses the grave significance of a persi 5 ...
tently high sedimentation rate and its value in estimating
the patient's fitness for discharge.

Robins' ( 129) find-

ings are in accord with those of the latter three investigators.
Fanning-Lewis and Myers(38) observed 630 patients
with tuberculosis and believe the sedimentation rate correlates quite well with activity of the process, but do
not believe it will show any more than will the x-ray.
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In this series there were 292 males and 228 females, ~d
frequent rates were made over a two year period.

The

average sanitarium stay was 148 days for males and 141
for females.

A high rate upon dismissal meant a poorer

prognosis, and especially in the female was this true.
The highest mortality was in patients with accelerated
entrance and dismissal rates, with little fluctuations.
Day(21) agrees with the preceding findings, and stresses
the value of the test as used serially to check the effic~y of any therapy, be it collapse, chemo, etc.

He fur-

ther observed that in patients making an uninterrupted
recovery, the rate diminishes by roughly equal amounts
each month until a normal rate is reached.
In a series of 2,000 cases, Banyi and .A:nderson(6)
found a normal sedimentation rate in only 7.35%.

However

they are of the opinion that the test cannot be used for
estimating the extent of the lesion because a limited
process with narked toxicity will cause a rate greater
than an extensive fibrotic lesion with slight toxici-cy.
They do acknowledge its value as an index to the general
and local condition of the patient and as a guide to
therapy.
Walton(l64) is of the opinion that the test is of
value in the differential diagnosis of tuberculosis-performing the test after a pro"Jocativ_e dose of tuberculin
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in a suspected case.
Wintrobe(170) noted that the sedimentation rate rose
before x-ray shadows were e'Vident in most instances.

In

5 7 000 cases with a positive sputum, only 2.1% had a normal rate.

He agrees that the test is of considerable im-

portance in following patients receiving collapse therapy,
when other signs and symptoms appear normal.
NEOPLASMS

Kaump, Heck, and Bannick(83) studied 62 cases of metastatic carcinoma to bone, as verified by x-ray, and correlated them with the sedimentation rate and the leukemoid
reaction, etc.

They noted an accelerated rate upon ini-

tial bone metastases, but no further acceleration with
progress of the metastases site.

They formulated a gen-

eral rule that in cases where the rate is very rapid, and
infection and pregnancy ruled out, and an anemia associated
with a marked red cell regeneration, and especially if a
leukemoid reaction, consider bone

IIE

tastases.

Feldman(39} observed 173 cases and especially noted
a maintenance of the sedimentation rate in vitro in cases
of malignancy.

95. 7% of cases proven malignant maintained

an accelerated rate; 94.6% of non-malignant cases did not
show a maintenance of an increased rate; and 100% of the
patients with Hodgkin's disease showed maintenance of the
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increased rate.

He found this maintenance after treat-

ment with Potassium iodide, bismuth, salvarsan, aminopyrine, lipiodol, sulfonamide, sulfaphyridine.

Hertz and

Rinzler(67) found tbat the rate showed a tendency to remain the same for 24 hours in 95% of cases of malignant
tumors.

In 38 patients studied the test was 54% positive

in malignancies and. 72% negative in non-malignant cases.
They concluded that this test is not too dependable as
a criteron to diagnose malignancy.

To this latter state-

ment, Apter, Hull, and Adams(3) fully agree.

In their

observations they found that most non-malignant tumors
do not show the maintained acceleration.
the following data:

They collected

In malignancies the rate in 24 hours

was within 20% of the initial rate in 4 out of 5 cases.
In non-malignancies the rate dropped more than 2p% in 50%
of the cases.

They conclude from this that in an unknown

case a rate drop of less than 20% after 24 hours ~ has a
two out of three chance of being malignant; and if a drop
of rate is gre ater than 20%, a one out of five chance of
being malignant.
Grogert( 61) performed 258 tests in 27 patients with
a neoplasm both pre and post-operatively.

His findings

were in accord to others-- that the rate is elevated in
proportion to the toxicity on the system and not to the
cancer size.

In his cases the rate was always elevated
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with malignancies and remained so nearly a year post-operatively.

He believes the test of value only if correl-

ated with other findings.
Hunt(74) concluded from his observations at the Mayo
Clinic that there is nothing specific in the test to dif'

ferentiate malignant from benign neoplasms.

However, he

did. not mention trying a prolonged rate test.
Polak and Mazolla(l21) invariably found an elevated
rate in patients with a carcinoma of the uterus and with
no corresponding rise in temperature or white cell count.
FriedJander(42) observed a sedimentation rate rise in some
cases of carcinoma, and a consistent rise if the neoplasm
began to break down.

Katherine(82) reported the elevation

in rate as being proportional to the degree of superimposed infection.

In twelve instances of adenocarcinoma

of the uterus, the rate was universally elevated.

The

test could not be used to distinguish between benigh and
malignant ulcers of the cervix.
Er'ifD.

-80-

DISCUSSION

It appears that this test

ms

of the greatest

value in tuberculosis, coronary thrombosis, rheumatic
.
fever, in the ?Pecialty of Psychiatry, and in the
differentiation of acute appendicitis from acute
salpingitis.

It may prove of equal importance in

other disorders, to judge the amount of tissue
destruction and toxicity, be it infectious, traumatic,
or neoplastic.

In any diseases where one encounters

these latter conditions, serial rates should display
the progress of the patient, and may modify the
prognosis, treatment, and even the diagnosis.
It must be realized that it is not a specific
test in the clinical sense of the word.

But it

may be used as a diagnostic gauge or lead in many
patients.

One might be able to judge the serious-

• ness of pathology before clinical signs or symptoms
are readily evident.

As a lead, I refer to a qualit-

ative sense, helping to make the diagnosis more
complete.
In allergy, perhaps the test can be us~ed to
judge the presenc e or absence of secondary bacterial
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infection.

Otherwise it seems to be of little

value.
In arthritis the test reveals the degree of
destruction present.

The rate will seldom be need-

ed in making the diagnosis, but may enable one to
follow the pathological process more closely.

This

holds true in nearly all cases of infectious
art:13.ri tis, but not in degenerative arthritis or
gou~ where the rate tends toward normal.
The clinician may find t he test nearly indispensible in coronary thrombosis.

Investigators

emphasize that often clinical symptoms and signs,
other than the sedimentation rate, are missing and
this test may often give the story.

Especially might

this be true where t..1-ie history is rather confusing
or obscure.

The rate may be the only available

means of judging the amount of myocardial damage and
repair, hence its value in therapy, and especially
in judging the duration of the patient's inactivity.
However, one must bear in ·mind that from one to five
days are required before the rate begins to accelerate in these patients.
It runs undisputed in the literature that thlt
rate decreases shortly before cardiac decompensation
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is readily evidB.Bt, regardless of the etiology.
Could this early signal be of any practical value to
the clinician?

Or is this merely an incident of

academic interest?
The test appears to be at least as good, if not
a better prognmstic index in acute glomerulonephritis,
than is the Addis count.

This may be valuable from

an economic standpoint, since the latter entails more
work on the part of the technician.
Unfortunately this test dowa not presage oti tis
media complications in children.

It merely indicates

the amomit of tissue destruction.
The literature presented on phlebitis is quite
interesting and it may be the important focus of
infection the author claims it to be.

But in general,

the common foci of infection (teeth, tonsils, silnuses,
etc.) seem to affect the rate but negligibly.
This test should prove of eonsiderable value to
the Psychiatrist.

It seems that if a borderline

functional case presents an elevated rate, the
clinician should set out to find the cause for this

{

with a "fine. tooth comb" before leaning functional
or organic exclusively.

Given the latter, perhaps

its eradication might even correct the former to some
degree in certain patients.
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Perhaps it would be of

practical value to run serial rates on psychotic
patients with elevated rates, and see if the rate
parallels the mental improvement of the patient.
This test is not needed to aid in the diagnosis
of rheumatic fever, but serial rates are indispensible
to the proper management of such a patient.

This is

especially true since so often salicylate therapy
gives the patient, and occasionally the Doctor, a
false sense of security, enabling

~~e

patient to be

Silbulatory too early and suffer severe consequences.
In an uncomplicated case, the rates should show a
gradual drop untill a normal rate is reached.
universally low rate in chorea is of interest.

The
This

'
test
has shown that there is a greater daager from

tonsillectomies in the rheumatic patient, perhaps
this should be emphasized more.
The Surgeon and Gynecologist shoufild occasionally
find this test as a valuable guide, and especially
with a patient presenting pain in the right lower

quadrant.

It seems fairly well agreed upon that an

uncomplicated acute appendicitis exhibits a near normal
rate, whereas acute salpingitis an accelerated rate.
The rate may also give him a clue as to the relative
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malignancy of a suspected neo plasm, and · ~pproximately
just what is happening to that ovarian cy st, fi broid,
cul-de-sac abscess, etc., since we know tha t twisted
pedicles, rupture, necrosis, infection, or rupture of
a particular one of these will elevate the rate.
This test has been used most extensively in
tuberculosis, especially in evaluating progression or
regression of the pathological process.

Outstanding

is its use with pneumothorax therapy where other signs
and symptoms may be absent.

The curve of serial rates

may prove a good prognostic index as to which direction
the patient is headed •
The rates in cases of malignant neoplasms parallels the degree of tissue destruction and toxicity just
as does infection.

The maintained acceleration of

rate in neoplasms seems quite debatable, but it is a
very interesting observation and possibly could prove
valuable if substantiated.

Perhaps this could be of

value in differentiating peptic ulcer from gastric
carcinoma.

One may or may not find an accelerated rate

in either condition-- depending on its magnitude.
Could the test be of value in the differentiation

.

of carcinoma and ulcer in those patients who are
relieved oi symptoms after an ulcer medical regimer
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If the ulcer did give rise to an elevated rate, this
should decline upon healing.

However, if carcinomat-

ous, there is continued destruction and toxicity and
the rate will continue to rise.
It seems quite well agreed µpon that, except for
pregnancy, an elevated rate means pathology.

Then to

do justice to the patient, should not a clinician do
his best to find the cause for the same, even though
clinical signs and symptoms do not

11

stick out" on the

patient?

For a proper evaluation of the rate, I would
desire to know the age, sex, whether or not the patient
is pregnant, red cell count, any signs of hypoproteinemia or reason to suspect it, reputation of the
technician or laboratory, and the method used.

Since

the method used in correcting for anemia is questioned,
I would desire the uncorrected rate and the red cell
count.

Some patients would even be labeled as having

a negat ive rate if corrected by this method.
The discussion has been limited to giving my
conception of the blood sedimentation rate, and a
general summary of the material, s i nce conclusions
should be restricted to personal research on a subject.
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